! problems,!and!the!capability!to!determine!the!most!efficient!method!to!use!when!confronted! with! a! challenging! problem! (Beishuizen! &! Anghileri,! 1998) .! Essentially,! if! students! work! on! reasoning! flexibly! with! basic! multiplication! facts,! they! will! in! turn! become! more! fluent! on! measures!of!basic!facts!recall.! ! Given!international!and!national!concerns!with!multiplication!fluency!and!the!immediate!and! longIterm! impediments! to! performing! well! in! mathematics,! many! studies! have! focused! on! supporting! struggling! students! by! providing! them! with! drill! or! rehearsal! techniques! versus! engaging! them! in! more! flexible! or! conceptual! practice! (NMAP,! 2008) .! Numerous! researchers! have! found! that! for! struggling! learners,! many! with! learning! disabilities,! drill! and! rehearsal! techniques! can! increase! students'! short! term! gains! in! multiplication! fluency! (Geary,! 2004 Thornton,! 1978) .! Therefore,! it! becomes! important! to! explicate! and! apply! a! framework! to! the! topic! of! fact! fluency! to! understand! effective! techniques! for! increasing! fluency! for! all! students,! not! just! struggling! learners.!! ! Drawing! from! socialIinteractional! approach,! we! view! basic! multiplication! fact! fluency! instruction! to! require! a! general! assumption! that! cognitive! theories! are! also! applicable! as! internal! mental! networks! or! schemas.! For! example,! troublesome! facts! would,! in! theory,! become! easier! to! recall! quickly! when! they! are! related! to! wellIknown! facts! the! child! retains! with!limited!practice.!Many!children-including!struggling!learners-find!multiplication!by!2,! 5,!and!10!to!be!easier!to!retain!in!memory!than!other!multiplication!facts! (Baroody!&!Dowker,! 2003) .!Thus,!learning!to!use!a!fact!such!as!8x5!as!an!"anchor"!by!which!to!connect!8x6,!8x7,!or! even! 8x4! to! the! child's! mental! schema! network! would! be! the! goal! of! cognitionIbased! fact! fluency!development.!However,!to!construct!and!grow!the!learner's!schema,!the!learner!must! be!placed!in!situations!in!which!knowledge!and!ideas!are!shared!with!peers!(for!example!two! students! may! discuss! their! own! individualized! related! facts! they! use! to! remember! 8x7)! and! ideas!must!be!communicated!through!symbols!and!representations!that!allow!for!all!learners! to!examine!the!fact!fluency!strategies!being!shared.!In!order!to!build!these!internal!schemas,! imagery!and!iconic!models!to!represent!multiplication!become!necessary! (Bruner,!1966; !Gray! et!al.,!2000; !Speiser!et!al.,!2012) .! ! Modes)of)Representation) As!students!discuss!their!own!personal!strategies!to!remember!troublesome!facts!(e.g.!8x7)!a! cognitive! "wall"! can! inhibit! students! from! understanding! the! strategies! described! by! their! peers! (Cobb,!Yackel,!&!Wood,!1993 !1993 !Mulligan!&!Mitchelmore,!2009 ).!Many!strategies!for! deriving!unknown!facts!tend!to!be!individualized!and!allow!the!student!to!use!a!single!fact!to! remember!a!group!of!related!facts.!But,!these!known!facts!may!differ!between!students!and!in! an!effort!to!increase!both!the!number!of!facts!easily!recalled!and!the!fluency!by!which!the!recall! process!occurs!it!becomes!necessary!for!students!to!understand!a!broad!selection!of!strategies! to! derive! basic! facts! in! a! socialIinteractional! or! cognitive! realm.! Relying! on! memory! alone! is! deemed! too! great! an! instructional! risk! as! memory! capacity! is! a! limiting! factor! in! building! computational!fluency! (Geary,!2004; !Geary,!Liu,!&!Siegler,!1996) .!But!if!a!peer's!facts!strategies! are!not!those!a!student!is!familiar!with,!how!can!they!"learn"!to!use!this!new!information?! ! Bruner's! theory! of! Modes! of! Representation! offers! a! gradual! progression! how! ideas! can! be! presented! that! can! help! students! internalize! and! communicate! new! information.! In! Bruner's! theory,!he!offers!three!modes!that!we!can!use!to!represent!concepts!as!we!attempt!to!learn!the! concepts;!enactive,!iconic,!and!symbolic! (Bruner,!1966) .!First,!the!Enactive!Mode!is!the!form!of! representation!in!which!ideas!are!presented!as!real!tangible!parts!of!the!environment.!Physical! objects! can! be! used! to! represent! specific! concepts! as! students! try! to! model! their! thinking.! Second,!the!Iconic!representations,!which!are!essentially!drawings!and!diagrams!that!simulate! the!enactive!representations,!take!them!from!being!actual!physical!objects!to!approximations.! The!third!mode!in!Bruner's!theoretical!progression!is!the!Symbolic!representations,!which!are! the! formal! means! by! which! we! present! abstract! ideas.! Notation! and! oral! language! are! examples.! Words,! written! or! verbalized,! have! no! meaning! without! a! culturally! agreed! upon! system!that!gives!them!meaning.! ! If!Bruner's!theory!is!applied!to!fact!fluency,!students!would!first!engage!in!modeling!facts!and! facts!strategies!using!physical,!enactive!models!such!as!counters!and!tiles.!They!would!also!be! challenged!with!finding!examples!of!groupings!and!arrays!(rectangular!arrangements!of!rows! and! columns)! that! model! multiplication! problems! in! their! surrounding! environment! (e.g.! arrays!of!windows,!tiled!floors,!or!rows!of!chairs)!(Barmby,!Harries,!Higgins,!&!Suggate,!2009).! After! examining! enactive! representations! of! multiplication,! students! would! then! draw! iconic! diagrams!of!arrays!and!groupings!that!would!offer!a!subsequent!opportunity!to!label!the!iconic! representations! with! symbolic! notation! (e.g.! mathematical! symbols! and! words).! Students! would!then!engage!in!symbolicIfocused!practice!by!either!discussing!facts!strategies!with!peers! orally! or! practicing! multiplication! facts! using! only! cards! to! cue! their! recall! and! symbolic! notation!to!clarify!their!ideas.! ! METHOD) From! the! research,! it! is! clear! that! struggling! learners! increased! their! fluency! scores! (Geary,! 2004; !Jordan!et!al.,!2003; !Nelson!et!al.,!2013) ,!but!it!is!less!clear!that!a!strategy!approach!does! (Fuson,! 2003; ! Woodward,! 2006) .! Thus,! we! wanted! to! find! out! whether! focusing! on! a! socialI interactional! approach! that! uses! cognitive! impact! features! (in! our! case,! enactive,! iconic,! and! symbolic! representations)! would! improve! third,! fourth,! and! fifth! grade! students'! fact! fluency! compared!to!typical!classroom!approach!of!drill!and!rehearsal!techniques.!We!chose!a!quasiI experimental!design!to!answer!the!question.! ! Setting) The! treatment! and! comparison! teachers! were! chosen! from! a! school! district! with! six! Title! 1! schools!located!in!a!U.S.!western!city.!The!schools!had!a!history!of!below!average!performance! on! the! state! standardized! achievement! test! and! the! schools! ranged! from! 63! to! 89! percent! of! their!students!on!free!and!reduced!price!lunch!status!and!11!to!30!percent!English!Language! Learners.!We!randomly!selected!two!of!the!schools!to!be!part!of!the!treatment!and!two!of!the! schools!to!serve!as!the!comparison.!There!were!5!teachers!from!the!selected!treatment!schools! who!were!willing!to!participate!(one!teaching!grade!3,!three!teaching!grade!4,!and!one!teaching! grade! 5)! and! 7! teachers! who! agree! to! part! of! the! comparison! group! (one! teaching! grade! 3,! three!teaching!grade!4,!and!three!teaching!grade!5).! manipulatives!available!and!were!presented!with!various!facts.!They!had!to!discuss!as!a! class! how! they! might! use! related! facts! to! solve! the! unknown! facts! presented! on! the! board.! 4. To! culminate! the! strategy! group's! fact! development,! pairs! of! students! created! sets! of! strategy!cards,!which!were!essentially!multiplication!flash!cards!(with!a!fact!on!the!front! of! the! card),! but! strategy! cards! included! derived! facts! strategies! the! pair! preferred! written!on!the!back!of!the!card.!The!pairs!would!alternate!describing!two!or!three!facts! strategies!for!each!card's!fact.! In! the! sequence! and! design! of! the! strategy! group's! tasks! one! can! observe! a! direct! implementation!of!Bruner's!representational!modes.!Initially,!students!use!a!blend!of!enactive! and!iconic!models!examine!and!express!ideas.!Gradually,!they!began!using!a!blend!of!iconic!and! symbolic! models! and! eventually! only! symbolic! representations! (e.g.! notation! and! oral! language).!! In! contrast,! the! drill! groups'! activities! included! a! timed! math! fact! test! each! day! followed! by! traditional! flash! card! practice! sessions! as! well! as! various! songs! and! mnemonic! exercises! designed! to! commit! facts! to! memory.! The! comparison! group! or! what! we! label! the! Drill! group! received! fluency! instruction! for! basic! multiplication! facts! using! an! approach! emphasizing!memorization,!rehearsal,!and!rewards!systems.!Classroom!tasks!and!activities!for! the! drill! classrooms! were! chosen! based! on! readily! available! curricular! materials! and! were! given!preference!based!on!what!teachers!had!completed!in!these!classrooms!in!prior!years!to! build! multiplication! fact! fluency.! All! activities! were! determined! to! align! with! a! skills! and! rehearsal!approach!prior!to!their!implementation.! ! To! compare! the! different! approaches! to! developing! multiplication! fluency,! we! compared! performance!on!a!oneIminute!timed!multiplication!fact!test!of!30!facts!(Appendix!A)!before!the! five!weeks!of!instruction!and!immediately!following!the!five!week!period.!The!facts!chosen!for! the!test!were!factors!between!2!and!12.!No!facts!with!0!or!1!was!used!and!we!ensured!there! would!be!squares!(e.g.!6x6,!7x7)!and!more!difficult!facts!that!"anchor"!facts!could!be!used!to! solve.!For!example,!6x8!was!chosen!for!the!test!as!5x8!could!be!used!as!an!easier!anchor!fact.!! ! .65!facts!per!minute.!This!finding!is!consistent!with!other! studies!in!that!by!providing!students!opportunities!to!learn!their!multiplication!facts,!they!will! improve! over! time! through! both! approaches! (Chung,! 2004; ! Woodward,! 2006) .! However,! our! study!demonstrates!that!when!students!focus!solely!on!drillIbased!practice!for!five!weeks,!they! only!gain!slightly,!while!in!the!strategy!group!students!gained!7.7!times!as!many!more!facts.!! ! The!evidence!from!this!study!also!demonstrates!that!students!receiving!instruction!grounded! in! a! framework! built! upon! Bruner's! Modes! of! Representation! combined! with! socialI interactional!elements!significantly!outperform!students!who!receive!instruction!grounded!in!a! behavioristic!theory!of!learning.!These!instructional!activities!designed!for!the!Strategy!group! emphasized! strategic! thinking! and! mathematical! relationships! between! multiplication! facts! and! created! greater! and! more! consistent! gains! in! fact! fluency! than! activities! emphasizing! memorization!and!repetition.!Although !Brownell!(1935) ! APPENDIX)A) Name:_______________________Date:_______________School:________________________! Teacher:_____________________Grade:_______________! Multiplication!Fluency!PreIIIIIPost!(circle!one)! (fold!this!section!back!and!complete!with!the!Test!portion!face!down)a!
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